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ABSTRACT
While knowledge regarding tie fforistic s ve get. at ion ail s and 
successional a,speeds of granite outcrops of the Piedmont includes 
Georgia and the Carolinas, it currently ends abruptly at the Virginia- 
North Carolina line. This study extends knowledge northward through 
the Piedmont of Virginia. Because of the essential absence of the 
endemic pi am species so characteristic of the flatrocks of the 
Piedmont further south s there is a great difference in the physiognomy 
of the shallow soil outcrop communities of Virginia. The absence o.i 
Sedum smallii  ^ Cyperus g r an it ophilus 3 Cyperus aristatus, Pimbri sty I? s 
spi). , and Port ulorrs sir will i from dry depressions leaves these 
depressions essentially unvege fiat ed s since there does not appem to 
be any increase iri the numbers, of Tali nun caret i A;!:' urn. individuals 
occupying dry depressions in Virginia. The potential voi.d generated 
by the absence of Sedum species in Grimmia. mats are occupied in part 
by a slight j r.crease in Tallnum plants in these areas» be spi we one 
strong aspect dif:;\ senees ci\ ..tied by tlie ah ienc. of endemic species 
such as Sedw.: smajlii 5 that absence does not af ect the basic 
successional patterns on granitic outcrops. Pi orb succession on rook, 
outcrops in. Virginia is basically identical to succession oo oil ;i 
outcrops in the Piedmont regions of the southeastern United States.
VEGETATION ANN SUCCESSION 
ON PIEDMONT GRANITIC OUTCROPS OF VIRGINIA
INTRODUCTION
Knowledge regarding the floristic, vegetational, and
successional aspects of granitic outcrops of the Piedmont includes
Georgia and the Garolinas hut currently ends abruptly at the Virginia-
North Carolina, state line. At this writing there are no previously
published reports of the occurrence in Virginia of the endemic plant
species so characteristic of the flatrocks of the Piedmont from
Georgia to North Carolina. V.H. Murdy (1968) shows the center of
endemism for the flatrock endemics to be in Georgia with the number of
endemic species found on granite outcrops dwindling to three in
1
North Carolina: Portulaca smallii, Cyperus granitophilus McVaugh, and
Juncus georgianus. The three endemics found in North Carolina were 
not reported in either Massey’s Flora of Virginia (1961) or Harvill’s 
Spring Flora of Virginia (l970)« Perhaps the apparent absence is due 
to climactic differences; perhaps other species present in Virginia 
out-compete the endemics to the extent that they become extremely rare 
or vanish; perhaps there has been insufficient time for the endemics 
to spread into Virginia; or perhaps all three are true. Specific 
experimental studies might be done concerning these flatrock endemics 
and other vegetationally important species regarding specific delineation 
of factors which may limit the northward extension of these species.
^Nomenclature follows the Manual of the Vascular Flora'of the 
Carolines (Radford, Allies, and Bell, 1968*7 except where authorities are 
given.
2
3However, of immediate interest are two questions: (l) which
plants, if any, replace or encroach upon those areas which apparently 
would "be occupied by granite outcrop endemics on the more southern 
outcrops; and (2) are there present on Virginia granite outcrops 
some of these endemic species which previously have been overlooked 
because they are inconspicuous and/or somewhat ephemeral?
Granite outcrops in Virginia often present a Vegetational 
physiognomy which is quite different from that of southern Piedmont 
flatrocks. The visual impact of some endemic species, such as Sedum 
smallii, results in considerable springtime aspect dominance over large 
areas of southern outcrops. The absence of this species on Virginia 
flatrocks is highly noticeable as illustrated in Figures 1 and 2.
For these reasons, a study of the vegetation and apparent 
successional patterns of the Virginia granite outcrops was undertaken. 
The vegetation of the areas in question was also examined for the 
presence of more southerly endemics not heretofore reported in Virginia. 
Determination of successional pattern differences between Virginia's 
Piedmont outcrops and more southerly outcrops has been the foremost 
field of exploration, rather than experimental studies concerning 
individual species.
Succession primarily occurs because of the modification of a 
particular habitat by biotic factors. It is generally assumed to be 
orderly and progressive, and for a single given set of biotic, 
climactic, and edaphic factors, it is somewhat predictable (Smith,
1966). Since successional patterns for the southern Piedmont outcrops 
have been so well described (Oosting and Anderson, 1937 and 1939; 
McVaugh, 19b3; Keever, et.al., 1951; Burbanck and Platt, I96I4.;
Figure
k
: The "barren aspect of the shallow solution pits of the
Fine Creek Mills, Virginia, outcrop is due to the absence 
of such species as Sedum smallii.
5Figure 2: The large crimson patches of vegetation on the Gashurg,
Virginia, outcrop are large masses of Sedum smallii plants 
in shallow depressions.
6Palmer, 1970), these will be used as a standard in this study. 
Succession on the Virginia outcrops will be compared with the patterns 
in the more southern outcrops, and the differences and similarities 
emphasized.
METHODS
Since no related or specific studies pertinent to granitic 
outcrop research in the Piedmont region of Virginia had "been done, a 
list of four species was compiled which were known to characterize 
granitic outcrops in more southern states. Cyperus granitophilus McVaugh
Sedum smallii were included in this list because these endemic
species are known to occur on the flatrocks of Wake and Franklin 
counties in northeastern North Carolina near the Virginia-North Carolina 
state line. Talinum teretifolium and Arenaria glabra Michx. were 
included because these species have a very high incidence of occurrence 
on outcrops and may, thus, be considered indicator species. This list 
of representative species was sent in the form of a letter to various
herbaria and botanists at colleges and universities in Virginia with a
request for the collection locations of these plants. In addition, 
several herbaria, including the ones at Virginia Polytechnic Institute 
and State University and Longwood College, were visited in order to 
ascertain more locality information and potential study site information.
Of the nine replies received, none listed Cyperus granitophi3.us 
or Sedum smallii as having been collected in Virginia. No returning 
letters indicated knowledge of where these species might be found. 
However, there were numerous records of both Talinum teretifolium and 
Arenaria, glabra having been collected at the same location. These 
locations were considered potential study sites and were examined.for 
suitability.
7
8After compiling a list of potential outcrop sites, a series of 
trips were necessary to determine the suitability of each location.
As each of the areas was examined in turn, a secondary need for 
urgency in undertaking the study became startlingly evident. Expediency 
was required because the majority of large granitic flatrock areas in 
Virginia have already been destroyed. An example of this destruction 
is a large and extensive series of former flatrocks north and west of 
Richmond, Virginia, which have been quarried. An indication of the 
former extent of these outcrops was gained by seeing the number and 
size of the quarrying operations still in progress after many years.
Several other outcrops were found to be inaccessible due to 
change in ownership. A few potential areas proved unlocatable due to 
the scantiness and age of descriptions stating where to find the 
outcrops.
In all, thirty-six locations were examined as potential study 
sites. These occur in twenty-five counties and the city of Richmond. 
These sites are listed in the Appendix with a brief note concerning 
the suitability of each. This involved over 9?000 miles of road travel 
and many miles afoot. Of the thirty-six potential sites, six representa­
tive sites were finally selected for extensive study. These were: 
Marshall Granite near Bedford County, Rock Mill in Buckingham County,
Rock Stable in Amelia County at Saylers Creek Battlefield, Pine Creek 
Mills in Powhatan County, Falls-of-the-Nottoway in Lunenburg County, 
and an area near Gasburg in Brunswick County.
An extensive search of the literature was made to discover the 
vegetation and. successional patterns prominant on the southeastern 
Piedmont flatrocks. Prom this literature, a list of apparently important
9successional species was compiled, and a description of their roles 
was determined. To more clearly determine successional web patterns, 
several field trips were made to some of the nearby North Carolina 
granite outcrops. Overton rock outcrop, Franklin County, North Carolina, 
(Palmer, 1970)> was the first of these outcrops visited. At the time 
of the visit in March of 1973t Sedum smallii covered extensive areas of 
the outcrop, especially the shallow residual soils in solution pits.
This species has not previously been reported in Virginia (Massey,
1961; Harvill, 1970). In addition, large outcrops near Rolesville and 
Zebulon, Wake County, North Carolina, (Oosting and Anderson, 1939) 
were examined. The appearance and descriptions of the North Carolina 
outcrops also aided in selecting the most suitable outcrops for study 
in Virginia. Those outcrops in Virginia which bore the closest 
physical resemblance to the southern Piedmont flatrocks were chosen 
with a twofold purpose. Outcrops of similar habitat and appearance 
are most apt to have successional webs which coincide or at least 
overlap the webs of the southern outcrops. A suitable environment was 
essential so that direct comparisons could be made between successional 
webs of the southern flatrocks and Virginia outcrops. In addition, 
any flatrock endemics not previously reported would be more apt to 
occur at locations which offered the greatest number of sites similar 
to the areas where the endemic species were known to occur on southern 
outcrops.
The areas selected for study represent a range of climactic 
conditions and altitudes and cover a wide geographic range (Figure 3) • 
They all are of granite or granitic types of metamorphic rock, and 
they all show a topographical and/or vegetational similarity to the
Figure 3• Locations of the six major study sites in Virginia.
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outcrops visited in North Carolina.
Extensive field studies were carried out on all selected 
outcrops. Determination of succession patterns and identification of 
plant species could only be done by making regular periodic visits to 
these outcrops throughout 1973 and the first five months of 197 -^-
A comparison was made between the vegetation on Virginia 
flatrocks and that on the more southerly outcrops. Succession patterns 
were likewise compared. Based on the hypothesis that the succession 
and vegetation of Virginia outcrops would most clearly resemble these 
typical southern flatrocks nearest them, emphasis was placed on 
comparisons with the granite outcrops of the lower Piedmont region of 
North Carolina.
Extensive photographic records were kept as notes so that an 
accurate review of conditions on any outcrop during any visit could 
be made.
DESCRIPTIONS OP OUTCROPS
Fine Creek Mills 
Powhatan County, Virginia (Figures 1| and 5)
This outcrop is divided into three main areas. The largest 
single mass is divided hy Fine Creek, and occasional flooding keeps 
the lower third of this single huge mass washed free of all hut a few 
persistent patches of Grimmia laevigata (Brid.) Brid. and some very 
tightly hound patches of crustose lichens. Even the extremely tightly 
gripping rhizoids of G. laevigata (Keever, 1957) do not prevent larger 
masses of it from heing removed hy occasional flooding.
Ahove the flood level of the creek on the west hank, the outcrop 
expands to cover an irregular rectangular area roughly 225 meters hy 
150 meters. This expanse is broken hy a central fissure perpendicular 
to the creek and about 120 meters long. Parallel to the main stream 
bed and 15 meters from it, a second fissure with the uphill side 25 cm. 
to 1.5 meters higher than the lower (creek bed) side cuts across the 
first fissure the entire width of the outcrop. Evidence of some early 
attempt at quarrying is shown hy some of the downhill mass heing broken 
up into large stones. Blast holes or borings are also present, and 
some large irregular blocks of stone dot the outcrop at uneven intervals.
Near the top of the outcrop several small to medium sized 
depressions occur, and a pool extends from the outcrop proper to the 
edge where pasture soil becomes somewhat deep.
12
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Figures k and 5: Overviews of the larger outcrop mass at Fine Greek Mills.
Ik
Rock Stable 
Amelia County, Virginia (Figure 6)
This series of three outcrops is situated in a rather open 
mixed deciduous forest. They appear to most closely resemble the 
Zebulon, North Carolina, outcrops, but have somewhat more broken faces.
The smallest (north-easternmost) of these outcrops is quite 
different from any other outcrop visited. It is very dry, has several 
deep and wide cracks and falls in it, and is shaded for several hours 
each day.
The other two outcrops, which are joined by a wide belt of rock, 
have finely cracked and split surfaces. The fine cracks apparently 
are not very deep since a steel wire 0.015 inches in diameter could not 
be pushed deeper than 2.5 centimeters at any point tested. Thus, any 
accumulation of soil or retention of moisture must be slight.
These outcrops slope slightly more than the Fine Creek Mill 
outcrop; and, while there is no stream along any part of them, the 
accumulation of soil, loose rock, debris, and small clumps of plants 
at their base implies that considerable wash-out of small beginning 
mats occurs. Even the large numbers of small crevices do not apparently 
assist appreciably in holding these mats to the rock. Though the 
slope is not as steep, it appears as though mat washout occurs hex^ e 
much as it does in the steep western North Carolina outcrops (Oosting 
and Anders 19375 Keever, et.al. , 195b) •
Rock Mill
Buckingham County, Virginia (Figures 7 and 8)
Rock Mill outcrop is bisected by a .large stream. Occasional
dii
15
Figure 6: Overview of Rock Stable outcrop.
16
Figure 7s A well developed mat on the outcrop at Rock Mill shows large 
numbers of Coreopsis ma.jor.
17
Figure 8: One reason for the urgent need to complete studies on
Virginia outcrops is apparent in this overview of the 
outcrop at Rock Mill where the construction of a "bridge 
has removed large masses of vegetation from the rock 
surface.
18
flooding and the current disturbance by heavy bridge building equip­
ment tend to keep the lower half of this outcrop quite clean of any 
vegetation.
The surrounding woods shade only the upper edges and southwestern 
sides of this outcrop. The slope is quite steep and, for this 
reason, small mats are relatively unstable. However, surface cracks 
and crevices hold some mats quite soundly. The few nearly level 
places near the top of the outcrop support quite large mats.
This outcrop is primarily of looser, layered rock, rather than 
more typical granite. However, vegetation and mat formation closely 
resemble that found on granite outcrops of North Carolina and are 
nearly identical to that found elsewhere in Virginia. Some differences 
occur, however, in the beginnings of mat formation and in the apparent 
speed of soil build-up. Small pieces of surface rock occasionally 
break loose when disturbed. Their descent occasionally knocks small 
patches of moss loose. The moss may lodge in a crack and commence 
growing there, or it may be washed away by rain and stream flow. Also, 
some of the cracks and crevices are apparently deep enough for moisture 
retention. This is evidenced by the presence of some larger species 
of Asteraceae (Figure 7) during dry autumn months which are not found 
directly on other outcrops in Virginia.
Marshall Granite Outcrop 
Bedford County, Virginia (Figure 9)
Marshall Granite outcrop is actually a series of small outcrops. 
The slope, size, exposure, and shading vary for each; however, all the 
physical prerequisites are present.
Figure 9 This overview of a section of the Marshall Granite outcrop 
shows the proximity and size of the woods which shade 
portions of the outcrop part of the day.
20
One section of rock slopes moderately to steeply. The exposure 
is southerly and it is shaded in the early morning and late afternoon.
A second section is rather flat and shaded only in the early 
morning. It contains two shallow depressions near the southwestern 
edge of the outcrop. These depressions contain 0.5 to 1.5 centimeters 
of dark granular soil mixed with fine rock chips.
A third outcrop is rounded on top and slopes very steeply away 
from the crest. The exposure is westerly.
A fourth outcrop is shaded in the morning, hut the sun reaches 
nearly all parts the remainder of the day. It slopes only gently, and 
exposure is southeasterly.
All rock areas are well drained except for the depressions noted 
on the second outcrop.
Falls-of-the-Nottoway 
Lunenburg County, Virginia (Figure 10)
The Nottoway River cuts through a mass of rock at one point 
where it forms the boundary between Lunenburg and Nottoway counties.
The rocks on the Nottoway (north) side of the river serve as a local 
picnic and play spot, and, as a result, any semblance to a normal 
successional pattern has been eliminated by extensive automobile and 
foot traffic. However, the areas on the Lunenburg County side of the 
river are free from vehicular traffic and subject only to light foot- 
traffic .
The area was inundated a few year’s ago when Hurricane Agnes 
swept through the area, thus the clean-scoured rocks make a good place 
to study the first stages of mat formation on smooth bare surfaces.
21
Figure 10: This view of the outcrop at the Falls-of-the-Nottoway
shows the spotted pattern of lichens interspersed with 
Griianiia laevigata.
22
Gasburg
Brunswick County, Virginia (Figure 11)
The series of granite outcrops here very closely resemble those 
outcrops studied in North Carolina. These outcrops cover a large 
tract of land and consist of three major segments divided by woodland 
and cultivated farmland. No area of the outcrop slopes more steeply 
than ten percent, and all areas contain depression pits of several sizes.
Dr, Alton M. Harvill of Longwood College first located this 
outcrop in the autumn of 1973* His preliminary examination of this 
area resulted in the discovery of at least two outcrop endemics,
Sedum smallii and Portulaca smallii. Cyperus granitophilus, a third 
endemic, was suspected from examination of dead plant parts - and shall be 
considered present on the basis of his examination. Having knowledge 
of this study in progress at the time of his discovery, he provided 
information concerning these plants and directions for finding this 
flatrock.
Because of great vegetational similarities with the North Carolina 
outcrops, this flatrock will be considered as a southeastern Piedmont 
flatrock rather than a "Virginia" outcrop.
23
Figure 11: This overview of the outcrop at Gas burg shows an abundance
of crimson Sedum smallii plants.
VEGETATION
Vegetation and the individual species which comprise it on 
granite outcrops will he considered from two standpoints. Firstly, 
a list of common and/or successionally important species found on major 
southeastern Piedmont flatrocks and on Virginia's outcrops has been 
compiled. Secondly, many species are endemic to southeastern flatrocks 
which are as yet unknown from all but one Virginia outcrop. Considera­
tion is given the roles of these species and the replacement or 
displacement species found in Virginia is given where such replacement 
or displacement occurs.
Rogers McVaugh (19U3) listed and described the functions or 
roles of a large number of species giving primary consideration to the 
huge series of granite outcrops across Georgia. Burbanck and Platt 
(196I4.) further described various aspects of the granite outcrop 
communities of Georgia.
Oosting and Anderson (1937 1939) described the succession
patterns occurring on the North Carolina flatrocks and the various 
roles of successionally active species. Keever, et.al. (l9!?l) studied 
further the establishment and development of vegetation on bare granite. 
Keever (195?) continued this work in experimental studies. As late as 
1970, Palmer published a description of the vegetation on and around 
Overton outcrop in North Carolina.
Utilizing this wealth of published information, as well as field 
observations on the North Carolina outcrops, definitions of the roles
2k
various species play in succession on flatrocks have been delineated. 
Observations on Virginia flatrocks have revealed that most of the same 
species occupy the same kinds of niches on these outcrops.
Another aspect to be considered is the absence of many granite 
outcrop endemics from Virginia. The niches these endemic species 
occupy further south is well described by McVaugh (191+3) > Burbanck and 
Platt (1961+) , and Murdy (1968). In Virginia the absence of some of 
these endemics, notably Portulaca smallii and Sedum smallii, has little 
noticeable effect on the succession patterns to be discussed later in 
this paper, but has a drastic effect on much of the aspect of the outcrops 
Three general categories of plants are described according to 
the major role they play or according to the stage of succession where 
they most often occur. Pioneers, the first category, are those plants 
which are the first species to grow on an unaltered substrate of virgin 
rock or soil. These plants may be divided into two sub-categories, 
non-successional pioneers and successional pioneers. Non-successional 
pioneers are those plants which grow on bare rock and apparently do not 
contribute appreciably to vegetational mat formation. Indeed, some of 
these organisms may have an inhibitory effect on the establishment of 
Grimmia laevigata (Keever, 1957)* Successional pioneers are those 
organisms whose growth on uninitiated substrates is capable of forming 
a mat. When these species form dense mats of growth, soil builds up 
among the individual plants or plant parts (Oost-ing and Anderson, 1937)* 
When soil and organic debris have accumulated sufficiently to 
retain some moisture and allow root anchorage, secondary invaders, the 
second nmjor category, may germinate and grow on these mats. Secondary 
invaders are described in this paper as being those organisms which take
26
over dominance on newly formed mats of vegetation by out-competing or 
overgrowing the species responsible for formation of the mat. In 
nearly all cases, secondary invaders greatly increase the rate and 
amount of soil accumulation on the mat areas (Oosting and Anderson,
1937).
The third category is that of tertiary invaders. While the 
first two major categories were generally either non-vascular plants 
or annual species, this group is primarily comprised of perennial species 
and annual species which are commonly found in areas other than rock 
outcrops.
Successional Vegetation Patterns
Synopses of the apparent successional patterns of vegetation 
on granitic flatrocks reveal considerable similarity between those of 
the southern Piedmont flatrocks, especially those of eastern North 
Carolina, and those patterns which occur in Virginia. Many differences 
are also found; some differences may have far-reaching impact, but 
most appear to be successionally insignificant. Since succession 
occurs in different ways on the various kinds of surface habitats of 
granitic flatrocks (Oosting and Anderson, 1939)* each major surface 
condition and the most common successional vegetation pattern occurring 
on that surface condition will be presented.
In each case, a presentation of the southern flatrock pattern 
will appear first (Oosting and Anderson, 1939; Burbanck and Platt,
196)4). The equivalent pattern as it most commonly appears in Virginia 
will then be presented, and significant deviations observed for a 
particular condition or outcrop will be described.
For all practical purposes, the succession on the Gasburg, 
Virginia, outcrops can be considered to be the same as that occurring in 
the North Carolina outcrops, including the presence of the character­
istic endemics.
Bare Rock Successional Vegetation (North Carolina):
Keever (1957) has shown that succession on bare granite begins 
with the development of a mat of moss. While Rhacomitrium heterostichum 
(Hedw.) Brid. var. racemulosum (Lindb.) Hones and Andreaea rothli Web.
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and Mohr, apparently are the pioneer species in mat formation on some 
hare rock in mountainous areas (Oosting and Anderson, 1937) > Grimmia 
laevigata is the most common such pioneer in the lower mountains and 
Piedmont (Keever, 1997)* Grimmia olneyi Sull. has been seen to occupy 
the same role on a few outcrops in Georgia, but Grimmia laevigata 
predominates in that area also (McVaugh, 19U3)•
Two succulents may be found at times in great profusion closely 
associated with Grimmia. Sedum smallii is commonly associated with the 
very thin soil of these moss mats, as is Talinum teretifolium. Sedum 
may " . . .  occur so thickly as to obscure the Grimmia . . . "  (Oosting 
and Anderson, 1939* P* 7^3)•
As soon as the moss mats reach sufficient size and soil depth,
any of several species of Cladonia lichens may invade at the center of
the mats where soil is deepest (Oosting and Anderson, 1939)* most
common species to invade is _C. leporina E. Fries, but _C. carol ini ana,
Tuckerm. may at times be the major secondary invader, or the two species
- •
may be mixed (Oosting and Anderson, 1939; Burbanck and Platt, I96J4). 
These lichens may add considerably to the volume of soil accumulated 
and, due to their coarseness, may trap more wind-borne particles, 
thereby increasing the rate of soil accumulation (Oosting and Anderson,
1939).
At about the same time, or perhaps a little later, Selaginella 
rapestris invades the developing mats and is usually found commingled 
with the Oladonia (Oosting and Anderson, 1939)* Closely associated with 
this band of vegetation are numerous plants of Arenaria glabra Michx. or 
Arenaria uniflora, (Weaver, 1970). In mat areas with sufficient soil 
depth for good Arenaria growth, the Sedum smallii is excluded through
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competition with the Arenaria (Sharitz and McCormick, 1973)*
Additional soil accumulation in the center of the mats permits 
the successful invasion by Polytrichum ohioense Ren. and Card.
Once a good growth of Polytrichum is established, the Cladonia and 
Selaginella are excluded (Oosting and Anderson, 1939)• Any or all of 
several species of hardy herbs can be found in well established masses 
of Polytrichum, including Crotonopsis elliptica, and Hypericum 
gentianoides, which are nearly always both present (McVaugh, 191+3).
Piodia teres, Krigia virginica, and Linaria canadensis can often be 
found in the same association.
At this point An drop o go n temarius and/or Andropogon virginicus 
become dominant, and any handy herbs found in the surrounding fields 
may be present. Panicum species also invade. While any nearby seed 
source may provide the dominant Panicum species, P. laxifolorum and 
P. lanuginosum are perhaps the two most commonly found species 
(McVaugh, 191+3).
When mats are sufficiently large and soil is s^^fficiently deep 
to support a dense growth of these various grasses, woody species usually 
invade. Juniperus virginiana is a consistent early woody species, and 
McVaugh (191+3) says that often flatrocks are called "Cedar Rocks" 
because of the numbers of Juniperus individuals on the outcrops. In 
addition, Rhus copallina, Vaccinfurn arboreum and any other drought 
resistant shrubs in the area may invade these deep mats. If a seed 
source is nearby, Pinus species, especially P. echinata and P. virginiana, 
also invade. Figures 12, 13> and ll+ illustrate the general successional. 
patterns described above.
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Figure 12
Bare Rock: North Carolina and Southward
The figure below is a schematic diagram of a fully mature mat on bare 
rock.
The actual dominants plus some aspect dominants of each successive 
band are listed below:
G-rimmia plus some Talinum and Sedum 
2* Cladonia and Selaginella plus Arenaria
3* Polytrichum plus Crotonopsis, Hypericum, and other herbs 
i|. Andropogon and Panicum
Juniperus and Rhus, plus other shrubs and small trees
A
’
31
Figure 13: Many of the "bands of typical "bare rock succession patterns
are easily discernible in this view of a mat on the outcrop 
at Gas burg.
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Figure 11+
Successional Vets North Carolina Lower Piedmont
1. Bare Rock
Pioneer spp.
Grimmi a laevigata 
Sedum smallii
Accessory:
Talinum teretifolium
Accessory:
Arenaria sp.
(A, glabra or A. uniflora)
Accessory:
Cladonia leporina 
(Rarely: C. caroliniana)
Selaginella rupestris
Hypericum
Diodia
Ambrosia
Krigia
Linaria
01
Andropogon temarius 
A. virginicus 
Panicum sp.
1 4
Juniperus virginiana 
Rhus copallina 
Vaccinium arboreum
Accessory:
Pinus sp.
(P. taeda,
P. virginiana, 
P. echinataT
Solid arrows indicate 
major successional trends: 
Bashed arrows indicate 
accessory vegetation
Relative width of lines 
indicates amount or 
significance of 
c ont ributi on
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Bare Rock Successional "Vegetation (Virginia):
On the Virginia outcrops, the "basic successional pattern on 
"bare rock is essentially the same as that found farther south. The 
outcrop at Gasburg follows the same pattern presented for outcrops 
farther south. There are some relatively minor differences in the 
vegetation on otherwise bare rock in Virginia beginning soon after 
Grimmia laevigata forms small mats. The shallow soil in small mats is 
usually occupied by Sedum smallii on the southern flatrocks. However, 
on Virginia outcrops a few individuals of Talinum are the only plants 
which break the expanse of Grimmia, until the soil is deep enough to 
support a few Arenaria glabra, plants. While Sedum is presumed to be 
relatively unimportant in mat development, its absence in Virginia 
radically alters the late fall, winter and spring aspect dominance of 
the Grimmia bands (Figures 15 and 16).
Cladonia invasion on well established mats is the most common 
second step in mat development, but there are several mats on the 
Virginia flatrocks (notably at Fine Creek Mills and Rock Stable) where 
Selaginella rupestris invades in the absence of Cladonia (Figures 17 
and 18). On those areas of the mats where Cladonia is not present, the 
width of the Selaginella band is much greater than those areas where 
Cladonia and Selaginella occur together. This seems to lend support 
to the idea that the Cladonia facilitate soil accumulation. The 
increased width of the Selaginella band seems to indicate that soil 
accumulates more slowly in the absence of Cladonia,, but Polytrichum still 
invades successfully whenever the soil is of adequate depth (Oosting 
and Anderson, 1939)*
When the soil is of adequate depth to support a good growth of
3h
Figure 1 This view of a Grimmia mat on the Fine Creek Mills outcrop
is devoid of any of the endemic succulents like Sedum smallii 
which occur on the southeastern flatrocks.
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Figure 16s This Grimmia mat on the Gas burg outcrop, though somewhat 
dried and cracked, is sprinkled liberally with crimson 
Sedum smallii plants.
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Figure 17
Successional Wei: Virginia Piedmont*
1. Bare Rock
*
Note that the 
Brunswick County, Gas burg, 
outcrop follows the 
North Carolina patterns 
of succession
Talinum teretifolium
Selaginella rupestris
Grimmia laevigata
1
Cladonia leporina
Crotonopsis
Hypericum
Ambrosia
Krigia
Linaria
Andropogon temarius
A. virginicus 
Panicum sp.
m
Juniperus virginiana
Rhus copallina,
(Pinus virginiana or P, taeda 
where seed is available")""
Solid arrows indicate major 
successional trends;
Bashed arrows indicate 
accessory vegetation
Relative width of lines 
indicates amount or 
significance of 
contribution
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Figure 18: Cladonia is not always found in the second band of a
successional mat, as this view of a mat on Fine Creek Mills 
outcrop shows. Only Selaginella dominates the band.
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Polytrichum, succession proceeds on Virginia outcrops in the same way 
it occurs on the flatrocks farther south.
Dry Depression Vegetation (North Carolina):
Very shallow and well drained depressions have minimal water 
retention. Pine soil particles are frequently washed away, leaving 
only a coarse sandy grit and very little soil across the bottom of 
these depressions.
On the southern flatrocks, this bare soil is colonized by 
Talinum teretifolium and Portulaca smallii, and in those areas where 
soil is sufficiently deep, Sedum smallii is present. In addition, 
Fimbristylis autumnalis, Bulbostylis capillaris i Cyperas granitophilus,
C. aristatus, and Agrostis elliottiana may survive the hard-baked, 
gritty soil especially if the depression, and thus the soil within it, 
is deep enough (Oosting and Anderson, 1939) (Figure 2). If the contours 
of the depression are such that soil does not further accumulate, 
there is no succession beyond the seasonal growth of these organisms.
On the other hand, if one depression rim level is altered or the contours 
of the depression are changed so that soil can accumulate to greater 
depth, such very hardy herbs as Crotonopsis elliptica, Hypericum 
gentlanoides, and Diodia teres may invade. If soil accumulates 
sufficiently, Polytrichum commune invades. With the addition of this 
insulating moss cover, moisture conditions may improve and additional 
soil will accumulate (Oosting and Anderson, 1939)* Apparently, only 
under these special circumstances, succession will proceed to a 
noticeable degree. McVaugh (191+3) states that the community comprised 
of TciyaurQ* Sedum, Portulaca, Agrostis, and the Cyperaceae may well be 
the most stable association on the flatrocks.
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Dry Depression Vegetation (Virginia):
With, the exception of the Gasburg flatrock, dry depressions on 
Virginia outcrops are extremely depauperate of vegetation (Figure l).
Talinum teretifolium occurs very sparsely and, even where considerable 
soil has accumulated, it is the only species present in the vast 
majority of dry depressions. Surprisingly, there appear to be even 
fewer Talinum plants in dry depressions on Virginia flatrocks than in 
the southern outcrop depressions despite the absence of potentially 
competitive species in Virginia.
Moist Depression Successional Vegetation (North Carolina):
Moist depressions are those depressions which are sufficiently 
deep to allow considerable soil to accumulate and to retain some water 
after every rain; however, they do not contain standing water for any 
great length of time.
Succession on the moist depressions of the southern flatrocks 
and the Gasburg outcrop proceeds much the same as it does on bare rock.
Grimmia laevigata is the major pioneer, and as soon as a mat of Grimmia 
has covered sufficient area, one or more species of Cladonia invade 
the mat at its center (Oosting and Anderson, 1939) (Figure 19)• Once 
sufficient soil has accumulated, Polytrichum ohioense invades.
Selaginella, is absent from this association, perhaps due to excessively 
moist conditions, or perhaps it is excluded by the luxurious growth of 
Polytrichum (Oosting and Anderson, 1939)•
When the mat has developed to this point, succession in its 
center proceeds like that on bare rock. In addition, when the enlarging 
mat has exceeded the margins of the depression, succession progresses 
entirely as on bare rock (Oosting and Anderson, 1939) (Figures 20 and 21).
ho
Figure 19: Cladonia leporina is the most common secondary invader of
thin Grimmia mats in moist depressions like this one on 
the Gasburg outcrop.
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Figure 20
Successional Web: Worth Carolina Lower Piedmont
2. Moist Depressions
Grimmia laevigata
i Sedum smallii
Cladonia sp.
(C, leporina, C_. sylvatica, 
C. caroliniana, in any 
combination or singly)B
Polytrichum ohioense
s
Campylopus introflexus
Andropogon sp.
Panicum sp.
[At this point, succession continues in the same 
manner as it does on bare rock at an equivalent stage.]
Solid arrows indicate 
major successional trends; 
Dashed arrows indicate 
accessory vegetation
Relative width of lines 
indicates amount or 
significance of 
contribution
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Figure 21
Successional Wet: Virginia Piedmont
[At rim
Peeper, ^ 
more moist 
areas
2. Moist Depressions
Grimmia laevigata1
Talinum teretifolium
/
Cladonia sp.
(usually 
C. caroliniana)
Polytrichum sp.
(Z* coiflrcu-fl-e and/or P. ohioense)
[with soil buildup and 
subsequent drying]
Andropogon sp, 
Panicum sp.
[Continues much like the 
later stages of succession 
on bare rock]
Solid arrows indicate 
major successional trends; 
Dashed arrows indicate 
accessory vegetation
Relative width of lines 
indicates amount or 
significance of 
contribution
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On the Virginia outcrops, succession on moist depressions is 
much the same as that which occurs on the southern flatrocks. Once 
again, as on the hare rock succession in Virginia, the occasional 
absence of Cladonia is noted. Polytrichum apparently invades the 
Grimmia directly in these cases. Once the Polytrichum has become well 
established, succession advances as it does on bare rock.
Pool Successional Vegetation (North Carolina):
Pools are depressions which are sufficiently deep to retain 
standing water or considerable moisture for long periods of time 
(Figures 22 and 23). The actual rim of the depression proper is 
usually very near the margin formed by Cladonia' and Polytrichum. Open 
pool areas with insufficient soil, or too much water, support the 
growth of fringes formed by several moss species, most commonly 
Philonotis fontana (Hedw.) Brid., Bryum bimum Brid., Climacium amerioanum 
Brid., and Aulacomnium palustre (Hedw.) Schwaegr. at the water’s edge 
(Oosting and Anderson, 1939).
Vithin the pool, where soil and water are usually deepest, 
Proserpinaca palustris may be very abundant, and Llndernia monticola 
is nearly always present. The dominants in this deep pool area are 
usually comprised, of species of Cyperus and Carex, " . . . none of which 
are constantly present." (Oosting and Anderson, 1939> P* 7^3). 
Rhynchospora microcarpa, R. globularis, and R. glomerata are usually 
present in deeper areas where pools are filling with accumulated soil 
and debris.
The central areas of the pool may remain very marshy until 
sufficient soil has accumulated to exceed the height of the pool rim.
Then woody species may successfully invade. If conditions remain
10+
Figure 22
Flatrock Pools: North Carolina and Southward
The figure below is a schematic representation of the vegetation of a 
southeastern flatrock pool association.
Dominant species of vegetational rings:
1. G-rimmia laevigata
2. Cladonia caroliniana
3. Polytrichirp ohioense
Phllonotis fontana, Bryum bimum, Climacinm americamun,
Aulac omnium palustre
Rhynchospora spp. and other Cyperaceae (standing water)
6. Alnus serrulata, IJlmus alata? other woody species (mat areas 
above water level)
us
Figure 23
Successional Web: North Carolina Lower Piedmont
3. Pools
Dry Rock
Average Water 
Level
Pool Center 
(Deeper water)
Carex sp.
Cyperus sp. 
Rhynchospora sp.
Talinum
Hypericum
Sedum smallii
t
t
Grimmia laevigata 
\Cladonia caroliniana
Polytrichum ohioense
■
Philonotis fontana
with soil 
build-up and 
subsequent 
drying
Bryum bimum
Aulacomnium palustre
Climacium americanum
Polytrichum sp. 
Sphagnum sp.
(in wet places)
fAlnus serrulata 
Rubus sp.
Liquidambar styraciflua 
Ulmus alata
Solid arrows indicate 
major successional trends; 
Dashed arrows indicate 
accessory vegetation
Relative width of lines 
indicates amount or 
significance of 
contribution
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sufficiently wet, Alnus serrulata (Aiton) Pursh. is commonly the first 
woody invader (Oosting and Anderson, 1939)- Liquidambar styraciflua L.
niimis alata Michx. are also frequent woody invaders when a source 
of seed is nearby.
Outside the girdle of Polytrichum toward bare rock, the same 
basic vegetational pattern occurs as can be found in moist depressions 
and on bare rock. Immediately outside the Polytrichum ring, Crotonopsls 
and Hypericum, the ever-present herbs, are associated with a band of 
Cladonia carolini ana. This Cladonia girdle borders an outer belt of 
Grimmia. Sedum smallii, Talinum teretifolium and Arenaria are usually 
associated with the Grirnmia.
Pool Successional Vegetation (Virginia):
Since there is only one flatrock pool on the Virginia outcrops, 
no general pattern of succession can be determined. This pool, at 
Pine Creek Mills, is bordered by deeper pasture soil along one-half of 
its circumference while the remaining border is essentially bare rock.
At the edge of this pool, where Polytrichum would be found on the 
southeastern flatrocks, Talinum teretifolium is the only abundant 
species (Figure 2i|). It inhabits thin soil areas which occasionally dry 
out. Deeper in the pool, scattered clumps of Rhynchospora globularis 
dot the surface.
Where deep pasture soils come down to the water’s edge, Panicum 
dichotomum is abundant. Sol arum carolinense can be found very close to 
the water's edge.
On the rock-bordered margins, Polytrichum ohioense is sparsely 
present, and abundant Cladonia caroliniana extends out onto the rock 
surface beyond the edge of the depression. Arenaria glabra is sparsely
hi
Figure 2]+: Talinum teretifoliuni occupies the wet, shallow soil at the
edge of the pool on the Fine Creek Mills outcrop.
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present in the spring, and only a few clumps of Grimmia laevigata can he 
found close to the margin of the pool.
This pool, the only one found on Virginia flatrocks, is itself 
not typical of the ones described by Oosting and Anderson (l939)« No 
real conclusions can be drawn regarding vegetational differences 
between the southern flatrock pool succession and pool succession on 
Virginia flatrocks.
Marginal Vegetation:
Very little need be said concerning marginal vegetation, except 
that succession follows the same patterns as it does on bare rock when 
it occurs at all. Additional species may intrude from fields or 
forests, but they seldom persist except where soil has accumulated to 
a sufficient depth in mats or at the margins.
Typical patterns at the edge of a flatrock in Virginia are 
similar to the patterns for bare rock succession. Where the soil is 
deep enough to support shrubs, shade from bordering forests may allow 
such species as Rhus radicans, Smllax rotundifolia, and Polystichurn 
acrostichoides to persist as well as the more typical Pinus species.
McVaugh (I9I4.3) points out that margins of flatrocks change very 
little since erosion usually equals accumulation. The marginal 
community is, therefore, a very stable one.
Plant Species Comprising the Vegetation
To facilitate the description of plant species occurring on 
granite outcrops, two separate lists and role definitions of these 
species are presented. The first is a list of plant species common 
to both Virginia granitic outcrops and those of the Piedmont regions 
farther south. A description of their apparent roles in succession is 
provided, and any obvious differences between their roles on Virginia 
outcrops and their roles on southern flatrocks is noted where pertinent. 
The second list includes species which are commonly found on granite 
outcrops of the southeastern Piedmont but are absent or extremely rare 
on Virginia outcrops. The apparent roles of these species are dis­
cussed, and where a different species in Virginia seems to occupy 
approximately the same kind of niche, the role of the Virginia species 
is also discussed.
Identification of the lichens has been based on descriptions 
included in McVaugh’s (19^ 4-3) paper. The mosses were identified with 
the aid of a key by Dr. David A. Briel of Longwood College, privately 
printed by the author, and most of the vascular plants were identified 
by use of the keys found in Radford, et.al., (1968). Authorities are 
given for all the non-vascular plant species. For vascular species, 
authorities are given only when the nomenclature differs from Radford, 
Ahles, fmd Bell (1968).
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Plant species common to outcrops 
of Virginia and the southern Piedmont
Lichens;
Cladonia sylvatica (L.) Hoffm. [Cladoniaceae] occurs on nearly 
all the outcrops studied in Virginia and in the southeastern Piedmont 
(Oosting and Anderson, 1937 and 1939; McVaugh, 1943; Keever, et.al., 
195l)* Although in more mountainous and higher areas along the western 
edge of the Piedmont in the Carolinas, it usually plays a role of 
secondary importance to other Cladonia sp. (Keever, et.al., 195l)> on 
the lower Piedmont flatrocks it commonly occurs as the major secondary 
invader on newly formed Grimmia mats (Oosting and Anderson, 1939; 
McVaugh, 1943)• This is also the case for (). sylvatica in Virginia.
It is found on all the Virginia outcrops studied except on Marshall 
Granite outcrop in Bedford County.
Cladonia caroliniana Tuckerm. occurs on nearly all the granite 
flatrocks of the southeastern Piedmont and on the Gasburg, Falls-of-the- 
Nottoway, and Fine Creek Mills outcrops in Virginia. Cladonia 
carol ini ana is usually the major secondary invader of mats formed 
along the edges of pools and in other moist areas where mats are 
formed (Oosting and Anderson, 1939; McVaugh, 1943; Keever, et.al., 
195>1; Burbanck and Platt, 1964). Frequently, _C. carol ini ana is found 
growing in association with other Cladonia spp. and very often with 
Polytrichum spp. The role of C. caroliniana is essentially the same 
wherever it is found.
Cladonia leporina E. Fries is found on a great number of outcrops
in both the upper and lower Piedmont regions. It is found on the same 
three Virginia outcrops as (3. carol ini ana. Often the two are found 
growing closely associated with each other and with Polytrichum spp. 
in areas where moisture is sufficient. In eastern North Carolina,
C_. leporina is the single major secondary invader on forming Grimmia 
mats (Oosting and Anderson, 1939)* On the three Virginia outcrops 
where it is present, it occupies the same soil building role.
A few other species of Cladoniaceae are present on Virginia 
flatrocks in very insignificant amounts, often occurring as tiny clumps 
of material growing on debris. Cladonia tenuis (Pluerke) Harm, found 
at Rock Mill in Buckingham County and C.. rangiforina (L.) Web. in 
Bedford County are found mixed with debris at the bottoms of slopes.
Parmelia conspersa (Ehrh.) Ach. is found on all the Virginia 
outcrops; however, it occurs in large amounts only on the Fine Creek 
Mills flatrock and the Gasburg outcrop. There, as in the Carolinas 
and elsewhere, it is a pioneer species which may form large circular 
patches on bare rock but contributes little or nothing to mat formation 
and development (Oosting and Anderson, 1937 and 1939? McVaugh, 194-3; 
Keever, et.al., 1951)• It may actually inhibit the growth of mat- 
forming species such as Grimmia laevigata (Keever, 1957)*
Vermcaria nigrescens Pers. is found on most flatrocks in 
Virginia and elsewhere. This pioneer on bare rock contributes virtually 
nothing to mat formation, since its closely appressed crustose form does 
not collect an appreciable amount of soil.
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Mosses:
Sphagnum imbricatum Russ, and _S. suhsecundum Sturm. [Sphagnaceae] 
play no recognisable role in the succession of plants on flatrocks.
In Virginia these species are associated with Polytrichum ohioense on 
the Falls-of-the-Nottoway outcrop in Lunenburg County where they form 
rather dense clumps in somewhat shaded troughs which are kept regularly 
wet by drainage from the woodland areas around them. It is possible 
that these secondary invaders collect soil thereby allowing other 
invaders to become established.
Grimmia laevigata (Brid.) Brid. [Grimmiaceae] is found on all 
of the outcrops studied in Virginia. This pioneer species is primarily 
responsible for mat initiation in most areas (Oosting and Anderson,
1939; McVaugh, 19U3; Keever, et.al., 1951) and on all the Virginia 
outcrops studied, G. laevigata is the only species which appears to 
pioneer mat formation on bare rock.
Polytrichum ohioense Ren. & Card. [Polytrichaceae] is a very 
important secondary invader on all the outcrops studied in Virginia.
It tends to invade areas with moist to wet conditions and can be found 
growing in moist depressions as well as along the margins of pools 
(Oosting and Anderson, 1937? 1939? McVaugh, 19U3). P. ohioense can 
also be found along areas of drainage and the shadier southern margins 
of many outcrops. In addition it usually invades mats which have formed 
on bare rock when soil is sufficiently deep and drought stresses have 
been reduced (Oosting and Anderson, 1937 and 1939? McVaugh, 191+3) •
Polytrlchum commune Hedw. occurs on only two of the Virginia 
outcrops. It is abundant but localized on the Gasburg outcrop and
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found as a few small clumps on Fine Creek Mills outcrop. In Georgia,
P. commune may even replace P. ohioense in its very important role as 
a soil huilder on older mats (McVaugh, 19U3; Burbanck and Platt, 1961;), 
and in North Carolina it appears often as a major soil builder on 
even relatively smaller mats (Keever, et.al., 195l). However, it does 
not appear to play any role of importance to succession on the Virginia 
flatrocks where it occurs.
Aulacomnium palustre (Hedw.) Schwaegr. [Aulacomniaceae] was 
found only on the Gasburg and Fine Creek Mills flatrocks in Virginia.
It is a secondary invader of seemingly little successional importance 
in moist and wet areas (Oosting and Anderson, 1939; McVaugh, 19U3; 
Burbanck and Platt, 1962+) • It is commonly associated with Polytrichum, 
Bryum bimum and even Sphagnum in very wet places.
Bryum bimum Brid. [Bryaceae] is found on the Rock Mill outcrop 
in Virginia. Like Aulacomnium, it is found in moist areas and is often 
associated on the more southern outcrops with Polytrichum ohioense,
Aulac omnium, Leucobryum glaucum and others in pool successions 
(Oosting and Anderson, 1939; McVaugh, 19^3)•
Leucobryom glaucum (Hedw.) Fr. [Leucobryaceae] can be found on 
the Rock Mill outcrop. Here it is associated with Bryum bimum, Grimmia 
laevigata, and Polytrichum ohioense.
Vascular Plants:
Selaginella rupestris [Sellaginellaceae] is found on all six of 
the Virginia flatrocks studied. It is a major secondary invader of 
Grimmia-Cladonia mats on areas of otherwise bare rock (Oosting and
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Anderson, 1939; McVaugh, 1943; Keever, et.al., 195l)« In eastern 
North Carolina, Selaginella invades at the same time or somewhat later 
than Cladonia (Oosting and Anderson, 1939)* This is usually the case 
on Virginia flatrocks; however, at Rock Stable in Amelia County,
Selaginella can be found invading bare rock areas which have loose, 
cracked surfaces. While it may thus appear to be a pioneer on bare 
rock, such invasion only occurs along the edges of well established 
mats. Therefore, it is more likely to be an outgrowth over areas where 
mat margins have been washed away or otherwise lost. At Fine Creek 
Mills it is notable that Selaginella occurs on some mats of Grimmia 
where Cladonia has not invaded.
Pinus taeda [Pinaceae] occurs on the Virginia flatrocks at 
Gasburg, Fine Creek Mills, and Rock Stable. This species is a tertiary 
invader of mats in those areas where the nearby forests provide a 
source of seed (McVaugh, 1943; Burbanck and Platt, 1961+; Palmer, 1970)•
Pinus virginiana is found on the Gasburg, Fine Creek Mills,
Rock Stable, and Marshall outcrops in Virginia. This species, like 
P. taeda, is a tertiary invader of older mats in locations where there 
is a nearby source of seed (Oosting and Anderson, 1939; McVaugh,
1943; Keever, et.al., 1951).
Juniperus virginiana [Cupressaceae] is found on all the Virginia 
flatrocks studied. Indeed, this is probably the most common woody 
tertiary invader (Oosting and Anderson, 1937 and 1939; McVaugh, 1943;
Keever, et.al., 1951? Burbanck and Platt, 1964; Palmer, 1970).
Panicum laxiflorum (includes P. xalapsnse H.B.K.) [Poaceae] is
found on the Virginia flatrocks of Gasburg, the Marshall Granite, and 
Fine Creek Mills. This tertiary invader is a common old-field and 
wasteland species which commonly invades mature mats when there is a 
nearby seed source (Oosting and Anderson, 1939, McVaugh, 1943)-
Panicum sphaerocarpon is found on the Gasburg, Falls-of-the- 
Nottoway, Fine Creek Mills, Rock Mill, and Rock Stable outcrops. This 
plant apparently plays a role much like that of P. laxiflorum, invading 
from nearby seed sources (McVaugh, 1943)•
Panicum dichotomum occurs on the Gasburg and Fine Creek Mills 
outcrops as a tertiary invader. While not abundant or widespread on 
Virginia flatrocks, it appears to be well established on those few 
mature mats where it is found. McVaugh (1943) says that it is widespread 
in the eastern United States, but the only previous record of its 
occurrence on granite outcrops is from Forty-Acre Rock in South Carolina.
Andropogon virginicus occurs as a tertiary invader on all the 
Virginia outcrops studied. It is apparently very abundant as an old 
field and open wasteland species throughout the East and South (Massey, 
1961; Radford, et.al., 1968) and appears on nearly all the southeastern 
granitic flatrocks as a tertiary invader (Oosting and Anderson, 1939; 
Keever, et.al., 1951; McVaugh, 1943; Burbanck and Platt, 19&4;
Palmer, 1970).
Andropogon temarius can be found on the Fine Creek Mills and 
Gasburg outcrops in Virginia, where it is associa/ted with various Panicum 
species and A. virginicus. The two species of Andropogon often share 
dominance on older mats of the North Carolina and Virginia flatrocks
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(Oosting and Anderson, 1939)*
Fimbristylis autumnal is [Cyperaceae] is found on the Gasburg, 
Fine Creek Mills, and Rock Mill outcrops in Virginia. It is found 
commonly as a pioneer on thin, moist soils of shallow depressions and 
in dry depressions on the North Carolina flatrocks (Oosting and 
Anderson, 1939). However, in Virginia this species is only found on 
those areas that retain some moisture. At Rock Mill it is found growing 
near the edge of mats in association with Bryum, Aulac omnium, and 
Leucobryum.
Bulbostylis capillaris is found on all the Virginia outcrops 
studied except at the Falls-of-the-Nottoway. In the more southern 
flatrocks, B. capillaris is one of those few species capable of 
tolerating the baked soil in dry depressions (Oosting and Anderson,
1939) f but on the Virginia outcrops, it is found only where moisture 
persists for long periods of time. It is a secondary invader near the 
margins of mats in moist situations.
Rumex hastatulus [Polygonaceae] is found only on the Gasburg 
and Fine Creek Mill outcrops in Virginia. It occurs as a tertiary 
invader in relative abundance on many of the southeastern flatrocks 
(McVaugh, 19U3; Burbanck and Platt, I96I4).
Talinum teretifolium [Portulacaceae] is found on all of the 
flatrocks studied. It is so characteristic a pioneer and secondary 
invader on more southern outcrops that it was used as an indicator 
species to aid in locating outcrops in Virginia. While its invasion 
patterns as a pioneer and early secondary invader are nearly universal
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on the southeastern flatrocks (Oosting and Anderson, 1939; McVaugh,
191+3; Keever, et.al., 19^1; Burbanck and Platt, I96I1; Palmer, 1970) > 
it seems to play a relatively insignificant role in actual succession.
On all hut the Gasburg outcrop in Virginia, the lack of many Cyperaceae 
and Juncaceae species which inhabit pools and other habitats farther 
south (Oosting and Anderson, 1939; McVaugh, 19^3; Keever, et.al.,
1951) apparently allow Talinum to occupy the moist to wet spaces it would 
otherwise be unable to colonize. Also, Talinum is the only pioneer on 
the Virginia outcrops (except Gasburg) which is capable of surviving 
the extreme drought conditions and hard baked soil of dry depressions. 
This species thus appears to have a greater ecological breadth on most 
of the Virginia outcrops than it has on the southern Piedmont outcrops.
Arenaria glabra Michx. [Caryophyllaceae] is found on the Gasburg, 
Falls-of-the-Nottoway, Fine Creek Mills, Rock Stable, and Rock Mill 
outcrops. This species is one member of a group within the genus with 
very controversial taxonomic relationships; however, it is a nearly 
universal granitic flatrock secondary invader (Oosting and Anderson,
1939; McVaugh, 19U3; Burbanck and Platt, 19&U; Weaver, 1970;
McCormick, et.al., 1971; Sharitz and McCormick, 1973)* Arenaria is 
found growing in shallow soil where Grimmia and Cladonia meet and in 
somewhat deeper soils where even Polytrichum can be found. It becomes 
abundant enough to add considerably to the organic material in soils.
Crotonorsis elliptica [Euphorbiaceae] is found on all the Virginia 
outcrops studied. The species is a secondary and tertiary invader 
found in association with the invading Poaceae and numerous other herbs, 
as well as in the Poly trichum ohioense band. It is 11 . . , omnipresent
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on flat-rocks, the individual plants occurring in enormous numbers in 
shallow soil . . . "  (McVaugh, 191+3. p. 156; see also Oosting and 
Anderson, 1939; Keever, et.al., 1951; Burbanck and Platt, 1961+;
Palmer, 1970). In such enormous masses, it aids humus accumulation in 
soils, especially in association with other herbaceous species.
Rhus copallina [Anacardiaceae] is a very frequent woody tertiary 
invader of mature mats. Pound on the Gasburg, Falls-of-the-Nottoway, 
Fine Creek Mills, Rock Stable, and Marshall outcrops, it is commonly 
associated with Juniperus. Rhus is found on a large number of the more 
southern flatrocks and seems to occupy the same shrub community 
establishment role (tertiary invader) in all study sites (Oosting and 
Anderson, 1939; McVaugh, 19^ +3; Keever, et.al., 1951; Palmer, 1970).
Hypericum gentianoides [Hypericaceae] is found on all the 
Virginia outcrops studied except the Marshall outcrop. It is probably 
the single most common tertiary invader associated with Crotonopsis 
and the Poaces.e, and it does very well in any crack or crevice where 
soil has accumulated. Its soil building role is essentially the same 
as that of Crotonopsis, and Hypericum can be found on nearly all the 
southern flatrocks (Oosting and Anderson, 1939; McVaugh, 19^3; Keever, 
et.al., 1951; Burbanck and Platt, 1961+; Palmer, 1970) •
Opuntla comp res sa (_0. humifusa Raf.) [Cactaceae] is found on the 
Gasburg, Fine Creek Mills, and Rock Stable outcrops in Virginia. 
Surprisingly, this species seems to have heavier growth and appears to 
be more abundant in shallow soils with some shading. It can be found 
in shallow soils as a secondary or tertiary invader on a large number 
of the southeastern flatrocks (McVaugh, 191+3; Keever, et.al., 1951;
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Burbanck and Platt, 1961+; Palmer, 1970) "but does not appear to play an 
important successional role.
Lindemia monticola [Scrophulariaceae] is found only on the 
Gasburg and Pine Creek Mills outcrops in Virginia. In both places 
it is a secondary invader of wet areas with medium to deep soil 
accumulations. It is also found in that type of habitat on many of the 
more southern outcrops (Oosting and Anderson, 1939? McVaugh, 19^ +3; 
Burbanck and Platt, 1961+; Palmer, 1970); however, in Virginia the
species is insufficiently abundant to play a role of any successional
importance.
Linaria canadensis is found on the Gasburg, Pine Creek Mills,
Rock Stable, and Marshall outcrops. It is a tertiary invader of most 
mature mats but appears to be insufficiently abundant to have signifi­
cance in succession. It is found on most of the southern flatrocks 
(Oosting and Anderson, 1939; McVaugh, 19^ +3; Keever, et.al., 1951; 
Burbanck and Platt, 1961+; Palmer, 1970)*
Diodia teres [Rubiaceae] is abundant only on the Gasburg and
Pine Creek Mills outcrops in Virginia. It is usually found in association 
with Crotonopsis and Hypericum. The humus gained from these herbs may 
contribute significantly to the enrichment of outcrop soils. It is a 
tertiary invader 011 a majority of the southern flatrocks (Oosting and 
Anderson, 1939; McVaugh, 191+3; Keever, et.al., 1951; Palmer, 1970)*
Krigla virgin!ca [Asteraceae] is found on the Gasburg, Fine Creek 
Mills, Rock Stable, Rock Mill, and Marshall outcrops. This species is a 
tertiary invader where soils have accumulated to considerable depth.
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Krigia can be found on many of the southern flatrocks (Oosting and 
Anderson, 1939; McVaugh, 191+3; Keever, et.al., 1951; Burbanck and 
Platt, I96JL4.5 Palmer, 1970) > where it appears in more shallow soils, 
often associated with Arenaria (McVaugh, 191+3)-
Senecio tomentosus is found on the Pine Creek Mills and Rock 
Mill outcrops. There it is an early tertiary invader on mats of moderate 
maturity, often preceding even the grasses. It is not found on 
Virginia outcrop mats where soil is insufficiently deep to support 
Selaginella and/or Polytrichum. In Virginia it is often associated 
with Arenaria, Crotonopsis, and/or Hypericum. On the southern flatrocks 
Senecio seems to grow better on deeper soils where grasses are relatively 
abundant and moisture seems plentiful (McVaugh, 191+3; Burbanck and 
Platt, 196!+).
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Plant species common to flatrocks of the southern Piedmont 
hut not found on Virginia outcrops
There are numerous species of varying importance which are 
frequent inhabitants of southern Piedmont flatrocks but either do not 
invade the Virginia outcrops, or are found very infrequently. As may 
be predicted, if these species occur on Virginia outcrops, they are 
usually found only at the Gasburg outcrop.
The Gasburg flatrock is about thirty-five linear miles from 
Castalia in North Carolina where numerous outcrops support essentially 
the same plant species as the Gasburg flatrock in approximately the 
same roles and. abundance. Primarily, for this reason, the Gasburg 
flatrock has been treated as a southern Piedmont outcrop in this paper.
The second list of species, those which are not found on 
Virginia outcrops, follows. A description of the roles of these species 
is also included. Primarily, McVaugh’s descriptions, roles, and nomen­
clature are used (19U3)* When an important gap in successional 
progression is generated by the absence of a species from Virginia 
flatrocks, the species which takes over dominance in that niche space 
is given. This phenomenon has been termed "dominance by default"
(Ware, 1969).
Mosses:
Grimmia olneyi Sull. [Grimmiaceae] acts as a pioneer much the 
same as does G. laevigata. Apparently, the absence of the species is 
adequately compensated for by G. laevigata. G. olneyi was not reported 
on flatrocks in the Carolinas by Oosting and Anderson (1939) or by 
subsequent workers. (Keever, et.al., 1951).
Vascular Plants:
Selaginella tortipila [Selaginellaceae] is first reported as an 
outcrop species by Oosting and Anderson in 1937* It remains a mountain 
species, however, and none of the Virginia outcrops studied may have 
been mountainous enough for its occurrence (McVaugh, 19^35 Radford, 
et.al., 1968). Still, it is not recorded in Virginia, even in moun­
tainous areas (Massey, 1961).
Isoetes melanopoda (including I. melanospora Engelm. and
1. virginica N.E. Pheiffer) [isoetaceae] is reported to be a frequent 
inhabitant of pools and wet areas with sufficient soil (McVaugh, 19U3; 
Burbanck and Platt, I96J+). Oosting and Anderson (1939) cLo not mention 
it, but the distribution pattern of Radford, et.al. (1968) indicates 
it could well be present. Massey (1961) records it from two locations 
in Virginia, but neither area has any suitable outcrops nearby.
Agrostis elliottiana [Poaceae] occurs on the Gasburg outcrop in 
Virginia. Although it is found in waste places and fields elsewhere 
along the fall belt (Massey, 1961) , it does not occur on the other 
Virginia flatrocks. McVaugh (19U3) states that this grass seems to be 
particularly associated with outcrops elsewhere. Presumably, the other 
grasses present on Virginia outcrops fill any voids which may be caused 
by the absence of Agrostis.
Cyperus aristatus (C_. inflexus Muhl.) [Cyperaceae] is reported 
from the North Carolina outcrops as a rather regular member of the 
sparse vegetation found in dry depressions (Oosting and Anderson, 1939)* 
McVaugh places this species in the same kind of habitat on other flatrock 
(l9l43)» However, the absence of Ch aristatus, _C. granitophilus,
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Sedum pus ilium, and Sedum small ii from the Virginia outcrops leaves only 
Fimbristylis, Bulbostylis, and Talinum to pioneer on these inhospitable 
areas. The effect of the absence of the Cyperus spp. and Sedum spp. 
has been previously discussed in this paper.
Cyperus granitophilus McVaugh is a granite outcrop endemic 
(McVaugh, 19l*3; McVaugh and Pyron, 1937) which occupies the same dry 
depression type of habitat as _C. aristatus, where it has much the same 
role. While considered by many to be a valid species (Murdy, 1968) , 
it is often found growing in the same depressions as the closely related 
C, aristatus, and the two have often " . . .  been mounted on the same 
herbarium sheet." (Murdy, 1968; p. 1*01*). A Cyperus, tentatively 
identified as C_. granitophilus is found on the Gasburg, Virginia, outc-rop. 
Identification was based on the examination of dry fruiting structures 
on dead plants, and thus, confirmation awaits the collection of freshly 
matured plants.
Fimbristylis dichotoma [includes F. baldwiniana (Sclrnlt.) Torr.,
F. annua (All.) R. & S., and F. diphylla (Retz.) Vahl.] is reported in 
Virginia in such widely divergent areas as the fall belt and the Blue 
Ridge (Massey, 196l) but does not occur on the Virginia flatrocks 
studied. This species occupies the same kinds of dry depressions as the 
other Cyperaceae. Its absence on the Virginia outcrops leaves a 
noticeable void in several areas (Figure l).
Rhynchospora glomerata occurs sparingly on the Gasburg outcrop in 
pool areas where moisture persists for long periods of time. It occupies 
the same kinds of habitats on outcrops further south (Oosting and 
Anderson, 1939? McVaugh, 191*3)* Massey (1961) reports it from several
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areas of Virginia including some of the counties in which study sites 
are located. Thus, its absence from the outcrops is surprising.
(Figure l).
Rhynchospora globularis (including R. cymosa Ell.) can be found 
on the Gasburg outcrop immediately adjacent to R. glomerata. It plays 
essentially the same role on the flatrocks farther south and has been 
reported as growing with R. glomerata in the same pools (Oosting and 
Anderson, 1939; McVaugh, 191*3) as well as occupying that niche alone 
(Palmer, 1970). Once again, Massey (1961) reports it from the Piedmont 
to the coastal plain. Thus, its absence from all but the Fine Creek 
Mills and Gasburg outcrops is puzzling. Even at Fine Creek Mills,
■R* globularis is found only as a few scattered clumps in the pool.
Juncus georgianus [juncaceae] is not found in Virginia (Massey,
I96I; Harvill, 1970). This species is endemic to granitic outcrops 
(Murdy, 1968) , and is reported by Radford, et.al., (1968) in Alexander, 
Franklin, and Rowan Counties in North Carolina. However, Oosting and 
Anderson do not mention it in either their 1937 or 1939 papers, nor do 
Keever, Oosting, and Anderson mention it in their 1951 paper. McVaugh 
(191-1-3) states that the habitat it usually occupies is similar to the 
dry depressions mentioned by Oosting and Anderson in 1939*
Ulmus alata [Ulmaceae] is found only on the Gasburg outcrop. It 
is apparently a tertiary invader on very mature mats in depressions 
(Oosting and Anderson, 1939)> but its presence may only indicate 
aggressiveness (McVaugh, 1953)* Its apparent absence from the other 
Virginia flatrocks is inexplicable, especially considering that it occurs 
elsewhere in Virginia (Massey, 1961).
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Portulaca smallii [Portulacaceae] occurs only on the Gasburg 
outcrop in Virginia. On more southerly outcrops, it is one of the 
major pioneers on the ecotone between accumulated soil and bare rock 
(Cotter and Platt, 1959). It is one of the few species hardy enough to 
be a pioneer on the thin, often hard baked soil of dry depressions 
(Oosting and Anderson, 1939)* Its absence, along with that of 
Fimbristylis dichotoma, Cyperus species, and Sedum smallii results in a 
decided lack of visible biotic succession in dry depressions on the 
Virginia outcrops (see Figure l).
Sedum pus ilium [Crassulaceae] is not found in Virginia (Massey,
1961) and has only been recorded from two sites in North Carolina,
Anson County and Henderson County (Murdy, 1968; Radford, et.al., 1968).
This species is considered to be an endemic to granite outcrop 
communities and is commonly found on thin, dry soils in partial shade 
(McVaugh, 19i+3; Murdy, 1968).
Sedum smallii is endemic to rock outcroppings, but may be found 
on sandstone as well as granite (Murdy, 1968). Shallow, dry depressions 
often contain an abundance of this species so that in the spring, 
their crimson mass resembles a pool of fire engine paint (Figure 2).
S_. smallii is one of the most successful invaders of these usually dry 
depressions (McVaugh, 191+3)* It has been found only on the Gasburg 
outcrop in Virginia, and its absence from other flatrocks studied is 
quite noticeable (compare Figures 1 and 2). As a hardy pioneer, it is 
probably one of the most common and prolific species on the southern 
outcrops (Oosting and Anderson, 1939; McVaugh, 191+3; Keever, et.al.,
1951; Wiggs and Platt, 1962; Burbanck and Platt, 1961+; Wilbur, 1961+;
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Murdy, 1968; Palmer, 1970) •
Polygala curtissii [Polygalaceae] is reported in Virginia in 
such widely varied locales as the middle coastal plain and the 
Alleghenies, hut it has not been found on any of the outcrops studied. 
It is very common on more southerly flatrocks where it is usually 
associated with Crotonopsis and Hypericum (McVaugh, 191+3) •
DISCUSSION
The possible origins of rock outcrops have been amply discussed 
by ecologists since Oosting and Anderson published their work on the 
eastern North Carolina flatrocks in 1939* Various hypotheses concerning 
the mechanisms of the exposure of bare base rock have come and gone.
The fact remains that rock outcrops are present, and that successional 
soil-building and subsequent development of advanced plant communities 
does occur on them.
Succession occurs on Virginia outcrops in essentially the same 
patterns that vegetational changes occur on flatrocks of the south­
eastern Piedmont. While all the major species of plants involved in the 
vegetational succession process are present on the Virginia outcrops, a 
great number of the endemic species are absent. The absence of these 
species or groups of species is very noticeable as the comparison 
photographs throughout the paper have shown.
W.H. Murdy (1968) lists ten plant species which are endemic to 
granitic outcrops and presents a number of distribution maps. He 
places the "center of endemism" at the approximate center of the belt 
of granite outcrops, that is, in the central Piedmont of Georgia. The 
work carried on in Virginia does not appreciably increase the known 
range of any of these endemics although Dr. Harvill’s finds at Gasburg 
extend the ranges of three species northward. This study does, however, 
point out that these endemics are not required for succession to occur 
along reasonably conventional patterns.
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Perhaps the most significant voids generated on Virginia outcrops 
by the absence of species found further south are those arising from 
the absence of Sedum smallii, Portulaca smallii, and several of the 
Cyperaceae. The importance of these otherwise characteristic flatrock 
species in successional development roles is minimal, but their presence 
where they occur, dominates the aspect of large areas of the outcrops.
In the absence of several of these species, Talinum teretifolium is the 
only plant which persists in dry depressions. The fact that no 
Talinum seedlings are found in these depressions indicates that it can 
persist there only if well-developed rhizomes are deposited there by 
some physical mechanism, such as erosion.
The fact that Cladonia is absent from some areas on vegetational 
mats which it ordinarily occupies raises questions about the cause and 
actual effect of its absence. Where Cladonia is absent, Selaginella 
alone invades deeper soils accumulated in Grimmia. The Selaginella 
belt tends to be somewhat wider, often twice as wide, as otherwise 
equivalent Cladonia-Selaginella bands. Nevertheless, even in the 
absence of Cladonia, a very effective soil accumulator, it is evident 
that soil eventually accumulates sufficiently for Pol.ytrichum to survive 
The question about the cause of the absence of Cladonia must remain 
unanswered for now. A great deal of experimental laboratory and field 
work will probably be required before any significant hypothesis 
answering the many questions about the absence of the several more 
southern species can be presented.
CONCLUSIONS
1. The vegetation on granitic rock outcrops in Virginia is essentially 
the same as the vegetation on rock outcrops of the southeastern 
Piedmont.
2. The plant species which make up this vegetation in Virginia are 
apparently all found on the more southern outcrops.
3. The number of species on the Virginia flatrocks seems to be somewhat 
lower than the number of species on more southern flatrocks. This 
lower species richness is due to the absence of truly endemic 
species and of a number of species with seemingly minor successional 
roles.
I4.. Succession occurs on Virginia outcrops with basically the same 
vegetational patterns as succession on the flatrocks of the 
southeastern Piedmont.
5. The absence of the endemics and the other species of minor roles 
apparently has little effect on the actual successional process on 
Virginia’s outcrops, but this absence does strongly affect the 
aspect dominance in shallow soils.
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SUMMARY
While a few plant species which are endemic to rock outcrops 
further south have been found in the same kind of niches on the Virginia 
flatrock at Gasburg, these species are essentially absent from the 
other Virginia outcrops. No clear hypothesis is yet available to 
explain their absence.
The potential voids generated by the absence of the Sedum species 
in Grimmia mats are occupied by a few more Talinum plants in these 
areas. However, the absence of Fimbristylis spp., Cyperus aristatus, 
Cyperus granitophilus, Portulaca smallii, and Sedum smallii in dry 
depressions leave the depressions essentially unvegetated, since there 
does not appear to be any increase in the numbers of Talinum teretifolium 
individuals occupying dry depressions in Virginia.
Despite the strong aspect differences created by the absence of 
endemic species such as Sedum smallii, that absence does not affect the 
basic successional patterns on granitic outcrops. Plant succession on 
rock outcrops in Virginia is basically identical to succession on other 
outcrops in the Piedmont regions of the southeastern United States.
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APPENDIX
Locations of Rock Outcroppings Considered 
as Potential Study Areas
1. Eastern Brush Mountain, Albemarle County (too small; shaded by 
surrounding woods).
2. Esmont to Schuyler, Albemarle and Nelson Counties (no extensive 
flatrocks found).
3. Rock Stable (Stable Rock), Amelia County (selected for further 
study).
i|. Scotts Pork to Winterpock, Amelia and Chesterfield Counties (no 
extensive flatrocks found; several very small shaded outcrops).
5. John’s Creek (Jones Creek), Amherst County (permission to study 
denied by owner).
6. "Bedford County, Rt. 621" (unlocated).
7. Rt. 622 along James River, Amherst County (no flatrocks located).
8. Bryant’s Pasture, Bedford County (permission to study denied by 
owner).
9. Marshall Granite Outcrop, Bedford County (selected for further 
study).
10. Peaks of Otter, Bedford County (mountainous; no resemblance to 
Piedmont flatrocks).
11. Gasburg, Brunswick County (selected for further study).
12. Rock Mill, Buckingham County (selected for further study).
13. Zion Cross Roads to Dillwyn, Buckingham, and Fluvanna, Counties 
(no extensive flatrocks found).
U 4.. Granite Stafion, Chesterfield County (now a housing development).
15. DeWitt, Dinwiddie County (no extensive outcrops located).
16. Dinwiddie, Dinwiddie County (small outcrops; frequently flood 
scoured).
73
7U
17• Floyd to Endicott, Floyd and Franklin Counties (steep, loose 
shale barrens only; no sound flatrocks located).
18. "Above Danville Reservoir,” Pittsylvania and Franklin Counties 
(unlocated).
19. Bald Knob, Franklin County (very steep and disturbed).
20. Callaway, Franklin County (no extensive flatrocks located).
21. Manakin, Goochland County (quarried).
22. "Near Columbia," Goochland County (unloca,ted).
23. U.S. Rt. 339 Greene and Rockingham Counties (no extensive flatrocks 
in area).
2l+. Hanover County (quarried).
25. Rockville, Hanover County (quarried).
26. Henrico County (quarried).
27. Bear Element Creek, Lunenburg County (small; shaded by woods).
28. Boydton to Finchley, Mecklenburg County (no flatrocks located in 
area).
29. Acres of Rock, Montgomery County (unlocated).
30. Falls-of-the-Nottoway, Lunenburg and Nottoway Counties (selected 
for further study).
31. Va. 1+9 at Rt. 625>, Nottoway County (rock surface overgrown with 
Lonicera sp.; very steep).
32. Green Rock, Pittsylvania County (quarried).
33. Fine Creek Mills, Powhatan County (selected for further study).
3l+. Allan's Mill, Prince Edward County (area much disturbed; very 
small).
35* Falls-of~the-James, Richmond (flood damaged; much disturbance).
36. Stony Creek, Sussex County (very small; shaded by woods).
